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Although lead has been extensively studied in children, its sources and effecs remain undear in
adolescents. Thisstudyexamined therelationofbloodandtibiaboneleadlevels toleaddetermi-
nant. One hundred adolescents living in Mexico City and surrounding suburbs were studied.
Bloodleadwas measuredbyatomicabsorption spectroscopy, andtibialeadwas measuredbya K
X-rayFluorescence (KXRF) instrument. Blood lead ranged from 1.8 to 29.2 pgldl, with a mean
of7.4 p/dl. Bone lead ranged from ci to 44.82 pg Pblg bone mineral, with a mean of4.8 pg
Pb/g. Predictors ofbone lead included higher traffic density near the home, mother's smoking
history, and ie spent outdoon. Predicton oflog-transformed blood lead indclded bone lead
levels, male sex, use oflead-glazed ceramics, and living in Mexico City. Bone lead remained a
significant predictor ofblood leadafteradjustingfor covariates in afinal multivariateregresion
model. In our final model, a rise in bonelead from themiddle ofthelowest quintile to the mid-
dleofthe highest quintile (adifference of21.6.pgPb/g) was associatedwith an increase inblood
lead of 1.2 pldl. Our data suggest that in addition to current sources of environmental lead
exposure, bone lead accumulated overtimeconstitutes amoderate source ofcirculatingleaddur-
ing adolescence and may account for some ofthe adverse health effes documented in recent
studies. Key work bone lead, blood lead, K X-ray fluorescence, teenagers. Environ Health
Perpet106:733-737 (1998). [Online 19 October 1998]
http://ehpneal.nies.nih.gv/docs/1998/106p733-737farias/abstchsml
Lead remains one ofMexico City's primary
environmental pollutants despite increasing
use ofunleaded gasoline and recent regula-
tions governing paint containing lead, lead-
soldered cans, and lead-glazed ceramics (1).
This is of concern because health effects
related to lead are beingdocumented at ever
lower levels. Indeed, no threshold has been
identified belowwhich lead exposure can be
considered safe (2,3).
Much investigation has focused on the
effects of lead in children, but adolescents
have been largely understudied. Because
behavior patterns change with age, sources
oflead exposure may vary in populations of
different age distributions (1). Maternal
lead levels transferred to the fetus via the
placenta or to the breast-fed infant via
breast milk and environmental exposures
via hand-mouth behavior are responsible
for the high exposure levels observed during
early development. Subsequently, exposure
from ambient lead diminishes and internal
sources (mostly bone lead) may become
more important as a chronic source of
endogenous lead.
Adolescence is a uniquely important
period in relation to lead effects because
physical growth is at a rapid and final stage
and therefore vulnerable to lead action (4).
In addition, growth-induced bone turnover
may also release lead stored in bone, thereby
increasing the amount oflead dose and tox-
icity elsewhere in the body. Lead toxicity
may worsen school performance during
these years (2, which, in turn, may play an
important role in determining a young
adult's subsequent pursuits. Ofnote in this
regard is a recent study linking bone lead
levels to an increase of antisocial, delin-
quent behavior in teenagers (5).
In this study, we describe the determi-
nants ofbone and blood lead and compare
the influence ofbone lead to environmen-
tal factors in determining blood lead levels
in a group of adolescents living in the
Mexico City area.
Materials and Methods
Studypopulation. Using a cross-sectional
study design, we examined a group of 100
adolescents between 11 and 21 years ofage,
selected from two sources. One group of47
adolescent volunteers consisted of friends
and relatives ofemployees of the American
British Cowdray (ABC) Hospital; close to
50% of these participants attended private
schools. The second sample consisted of53
volunteers from apublichigh school located
near the same hospital. The population was
recruited from September 1995 to May
1996. All studyparticipants were invited for
bone and blood lead level testing and filled
out a questionnaire developed by our
research team to collect information on risk
factors for lead exposure, as well as on nutri-
ent intake. Study subjects signed an
informed consent agreement and received
the resultswith appropriate counseling.
Questionnaires. A questionnaire was used
to collect information on general characteris-
tics (age, sex, type ofschool, etc.) and known
risk factors for lead exposure: occupational
exposure, use oflead-glazed ceramics, use of
eyeliner with kohl, exposure to lead paint,
exposure to lead in air (location ofthe house
in relation to traffic, nearby lead industries,
and time spent outdoors). Questions about
the use oflead-glazed ceramics were illustrat-
ed by photographs to help participants recall
the typeofpotteryusedathome.
Dietary calcium and caloric intake were
measured using a food-frequency question-
naire based on the consumption of 128 food
items in the last 12 months. This question-
naire has been validated in Mexican popula-
tions (6) and was developed following the
approachsuggested byWillet etal. (i).
Bloodleadmeasurement. Venous blood
samples were collected in lead-free tubes
and analyzed using graphite furnace atomic
absorption spectrophotometry (Perkin-
Elmer 3000; Perkin-Elmer, Chelmsford,
MA) at the trace metals laboratory of the
ABC Hospital in Mexico City. External
quality control was provided by the labora-
tory standardization program of the
Wisconsin State Laboratory of Hygiene
(Madison, WI). Our laboratory had ade-
quate precision and accuracy during the
study time [correlation = 0.98; mean differ-
ence 0.71 pg/dl; standard deviation (SD) =
0.68]. Blood lead measurements are report-
ed in micrograms per deciliter (1 pg/dl =
0.0484 pmol/l).
Bone lead measurement. We used a
'09Cd spot-source K X-ray fluorescence
(KXRF) system to measure bone lead levels.
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The system was constructed at Harvard
University and installed in our research facili-
ty. The details ofits physical principles, tech-
nical specifications, and use in Mexico have
been explaine
instrument us
provoke an e
from target
Table 1. Mean and standard deviation (SD) of blood and bone lead ley
lifestyle factors in adolescents in Mexico City
Meantibia
lead ±SD
(pg Pb/g)
Independent
variables
62 6.4
± 3. 5.5
± 8.6
Used Pb-glazed
362 6.4 ± 5.5 ± 8.6 ceramics
36 9.1 5.5** 3.8 ±+ 856 in past
No
11 5.4 ± 1.4 0.8 ± 11 Yes
32 7.4±4.2 3.8±8.3 Prepares food
23 7.5 ±4.1 5.5 ±7.6 in Pb-glazed
32 7.9 ± 5.2 6.8 ± 8.3 ceramics
Never
77 7.4 ± 4.1 5.5 ±7.8 Once/week
21 7.3 ±5.1 2.5 ± 10.8* 2-7/week
Dietarycalcium
31 6.2 ±4.0 3.1 ±7.3 intake(mg/day,
67 7.9 ±4.4* 5.7 ± 9.0 calorie adjusted)
<791
792-939
940-1187
Q IQ -L1R a 7 -7n >1187
90 7.7+4.4** 5.0±8.7
4.5 ±9.9
1.6 ±7.0
5.4 ±7.4
7.8 ±8.0*
5.2 ± 7.9
3.9 ± 10.2
0.5 ±9.1
4.2 ±8.6
6.7 ±7.5
7.5 ±8.0*
2.1 ±9.3
5.6 ±8.1
6.3 ±7.3
6.8 ±8.1
3.2 ± 10.5
3.8 ±7.6
4.4 ± 5.9
1.4 ±8.5
9.4 ±9.8*
,d elsewhere (8,9). In brief, the counted, and arrayed on a spectrum. The net
ses a 109Cd gamma-ray source to lead signal is determined after subtraction of
mission offluorescent photons Compton background counts using a nonlin-
tissue that are then detected, ear least-squares algorithm. The lead fluores-
cence signal is then normalized to the elastic
vels in relation to demographic and or coherently scattered gamma-ray signal,
which arisespredominantly from the calcium
Mean blood Mean tibia and phosphorus present in bone mineral.
lead ±SD lead ±SD The unit of measurement is expressed in
n (pg/dl)8 (pg Pb/g) micrograms oflead pergram ofbone mineral
(pg Pb/g). By normalizing the measurements
to calcium counts, the measurement is ren-
dered insensitive to variations in bone shape,
31 4.9 ± 1.9 3.2 ±9.3 size and density, overlying tissue thickness,
63 8.6 ±4.8** 6.1 ±8.1** and movement (10). Validation studies ofthe instrument indicate a fairly high degree of
precision and accuracy ofthe point estimates
in comparison to chemical analyses in studies
64
15
17
Waterusedfor
food preparation
Tap 52
Filtered 15
Bottled 31
Participantsmokes
No 69
Yes 30
Mothersmokes
No 40
Yes 58
Currently
consumes alcohol
No 62
Yes 36
Uses eyelinerb
Always 13
Sometimes 21
Never 28
Lead in blood
(pg/dl)
1-4.4 20
4.5-6.1 32
6.2-9 22
>9 24
Lead intibia
(pg Pb/g)
<0 25
0.3-4.8 24
4.9-10.4 26
10.5-4.9 23
55 6.8 ±3.5 4.1 ±8.5
42 8.2 ±5.3* 5.9 ±8.7
6.5 ±3.1
7.1 ±3.1
11.2 ±6.9*
3.8 ±9.6
8.1 ±9.4
7.0 ±8.3
oflead-doped phantoms. Repeated measure-
ments in 35subjects in anotherstudyshowed
ahigh intraclass correlation of0.84 and 0.82
fortibiaand patella,respectively(11).
Because the instrument provides a con-
tinuous, unbiased point estimate that oscil-
±3.8 4.4 ± 9.6 lates around the true bone lead value, nega-
:43 3.0
±5.3 tive point estimates are sometimes pro- +3.7 7.4
±8.7 duced when the true bone lead level is close
to zero. The instrument also provides an
estimate ofthe uncertainty associated with
+4.5 4.9 ±8.2 each measurement that is derived from a
+3.3 5.1 ± 10.0 goodness-of-fit calculation ofthe spectrum
+4.6 4.6 ±8.9 curves and is equivalent to a single standard
deviation. Although a minimum detectable
+3.6 5.1±8.5 calculation limit of twice this value has
+5.5** 5.5 ±8.8 been proposed for interpreting an individ-
ual's bone lead estimate (12), retention of
+3.9 2.5±8.6 all point estimates makes better use of the
4.6 6.5 ±8.2* data in epidemiological studies (13).
For the present study, 60-min measure-
ments were taken from the left mid-tibia
+:3.4 4.2 ±7.9 shaft after the region had been washed with
+.5.5* 5.9+±9.6 a 50% solution ofisopropyl alcohol. The
energy line coefficients used to convert
3.5 6.78±9.2 channel numbers into energy (eV) were
:.31.* 6±2±172
obtained daily by measuring the K X-ray
peak positions from a lead target. Once per
week, the room housing the KXRF instru-
3.9 ±6.2 ment was deaned with a high-energy partic-
2.1±8.9 ulate air filter vacuum cleaner. A blank
5.0 ±6.6 phantom was then positioned and measured
9.2 ±8.8** 20 consecutive times overnight as an addi-
tional calibration check. Analysis of means
and standard deviations did not show a sig-
2.5 nificant shift in accuracy or precision.
5.4 Data analysis. Univariate analysis was
i3.0 conducted on all variables to describe their t.5*5 distribution and check for outliers. Because
blood lead level had a right-skewed distrib-
ution, we used the log-base e transformed
variable (LBPb) for statistical analysis. The
uncertainty measures ofthe tibia lead (TPb)
determinations were used toverify the qual-
ity ofthe data; in accordance with previous
studies, a TPb measurement was discarded
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Mean blood
lead ± SD
n (pg/dli)
35
19
23
21
Independent
variables
Sex
Females
Males
Age(years)
11-14
15-16
17
18-21
Type ofschool
Public
Private
Place ofbirth
Othercity
Mexico City
Currently
living in
Mexico City
No
Yes
Total months
living in
Mexico City
<180
181-192
193-204
>204
Lead industry
close to home
No
Yes
Traffic density
Almost none
Low
Medium
High
Mostfrequent
type of
transportation
Car
Bus
Subway
Public van
None
Minutes spent
outdoors/week
1-120
121-360
361-2400
>2400
Painted house
in last 12
months
No
Yes
7.3 ±4.8
6.7 ±4.9
8.0 ±3.8
7.4 ±3.7
70 7.2 ±4.0
28 7.7 ± 5.1
19
32
25
22
25
18
24
20
11
40
14
19
25
7.7 ±6.4
6.6 ±4.1
8.4 ±3.9
7.0 ±2.7
6.1 ±2.8
6.3 ± 1.9
7.8 ±4.1
8.7 ±6.0
8.8 ±6.3
6.3 ±3.5
7.6 ±6.6
8.4 ±5.2
8.1 ± 3.2*
8Differences between categories tested byanalysis ofvariance aftertaking the logarithm of blood lead levels.
bincludes onlyfemales.
p< = 0.15; **p< = 0.05.
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if its associated uncertainty was >10 pglg.
The bivariate analysis consisted of analysis
ofvariance tests ofTPb and LBPb for each
categorical variable. The ANOVA tests
were also conducted on age-adjusted TPb.
Finally, a multivariate model was created
for each dependent variable (TPb and
LBPb) by including all ofthe independent
variables that reached a statistical signifi-
cance ofp<O.15 in the bivariate analyses. A
backward elimination procedure was then
applied that discarded variables that did not
reach statistical significance at the p<0.05
level. All ofthe statistical analyses were con-
ducted using STATA (14).
Results
The population of 100 adolescents consist-
ed of 62 females and 38 males. Their ages
ranged from 11 to 21, with a mean age of
17 years. Eighty percent of study partici-
pants had blood lead levels <10 pg/dl, with
a median of 6.1 pg/dl and a mean of 7.4
pg/dl. The point estimates oftibia lead lev-
els ranged from -19.9 to 44.8 jig Pb/g,
with a mean of4.8 and a median of5.3. A
total of25 participants had point estimates
ofbone lead at or below zero, and 26 had
point estimates of bone lead >10 pg/g.
Two subjects were eliminated from subse-
quent analyses. One had a bone lead mea-
surement uncertainty estimate >10 pg/g,
and the other did not provide the bone
measurements. The median measurement
uncertainty estimate for the remaining sub-
jects was 4.5 pg Pb/g.
In bivariate analyses, older adolescents
had higher mean TPb levels, with a mean
difference of 6 pg separating ages 11-14
from ages 18-21 years (Table 1); however,
the differences between age groups did not
meet the p<0.15 cut offlevel for statistical
significance. Significantly higher bone lead
levels were associated with attendance at
public school, being born in Mexico City,
high traffic density, greater amounts of
time spent outdoors, and having a mother
who smoked (Table 1).
Variables found to be associated with
increased LBPb in bivariate analyses (p<O.15)
were male sex, being born in Mexico City,
currently living in Mexico City, greater
amounts of time spent outdoors, past use
and current use oflead-glazed ceramics, hav-
ingpainted the house in the past 12 months,
current smoking, current alcohol consump-
tion, use ofeyeliner, and higherlevels oflead
in tibiabone (Table 1).
In the final multivariate model ofTPb
after backward elimination (Table 2), covari-
ates thatpredicted higher bone lead included
higher traffic density near the home, a moth-
er who smoked, and more minutes of time
spent outdoors. Using "almost no traffic" as
Table2. Multivariate regression model oftibia lead (n= 98; adjusted R2 = 0.136)
95% Confidence
Independentvariables Coefficient SE p-Value interval
Traffic density
Almost none Reference
Light 2.52 2.32 0.280 -2.08-7.12
Medium 4.27 2.45 0.085 -0.59-9.14
High 5.60 2.99 0.065 -0.34-11.55
Time spent outdoors (min/week) 0.005 0.00 0.042 0.00-0.009
Mother smokes
No Reference
Yes 5.01 1.86 0.008 1.32-8.70
Intercept -1.90 2.0 0.345 -5.87-2.07
SE, standard error.
Table3. Multivariate regression model of blood lead (n= 92; adjusted RE= 0.39)
95% Confidence
Independent variables Coefficient SE p-value interval
Sex
Female Reference
Male 0.269 0.088 0.003 0.098-0.449
Tibia lead (pg PbIg) 0.009 0.004 0.038 0.005-0.018
Past use of Pb-glazed ceramics
Never users Reference
Past users 0.253 0.094 0.009 0.065-0.441
Current use of Pb-glazed 0.083 0.024 0.003 0.034-0.131
ceramics (days/week)
Lives in Mexico City
No Reference
Yes 0.485 0.158 0.003 0.171-0.798
Intercept 1.043 0.154 0.000 0.736-1.350
SE, standard error.
the reference category, "high or continuous
traffic" raised TPb by 5.6 pg Pb/g, "medium
level oftraffic" raised it by 4.3 pg Pb/g, and
"light traffic" raised it by 2.5 pg Pb/g.
Adolescents whose mothers smoked had 4.3
pg Pb/g higher TPb levels than those with
nonsmoking mothers. Every added minute
spent outside per week corresponded to an
increase in TPb of0.005 pg Pb/g. Thus, an
increase in time spent outdoors of 2 hr/day
(840 min/week) was associated with an
increase inTPb of4.2 pgPbIg.
In the final multivariate model ofLBPb
after backward elimination (Table 3),
covariates included male sex, use of lead-
glazed ceramics in the past, current use of
lead-glazed ceramics, living in Mexico City,
and tibia bone lead. Bone lead accounted
for 4.1% ofthe variation in blood lead lev-
els (in comparison with a total model
adjusted r2of0.39). We observed a moder-
ate relation between tibia bone lead and
blood lead levels (Fig. 1). A rise in bone
lead from the middle ofthe lowest quintile
to the middle ofthe highest quintile (a dif-
ference of 21.6 pg Pb/g) was associated
with an increase in blood lead of 1.2 pg/dl.
Low calcium intake was marginally asso-
ciated with blood lead levels. In comparison
with the rest ofthe group, participants who
had a calcium intake in the lower quartile
(mean 623 mg/day) had higher blood lead
levels (1.85 pg/dl;p= 0.071).
Discussion
Our results show that bone and blood lead
concentrations vary according to several
environmental variables. That bone and
blood lead did not correlate with the same
environmental variables may be due, at
least in part, to the distinct time aspects of
these two biological markers of lead dose:
bone lead mostly reflects cumulative
absorption over years, whereas blood lead
reflects relatively recent exposure. Thus,
the correlation ofbone lead, but not blood
lead, with traffic density may be an indica-
tion ofthe recent decline in leaded gasoline
combustion as a source oflead exposure in
Mexico City (15). The association ofblood
lead (but not bone lead) with lead-glazed
ceramic use confirms the status of lead-
glazed ceramics as an important source of
current lead exposure (1) and indicates the
difficulty in capturing lifetime lead-glazed
ceramic use by using a questionnaire.
Naturally, multiple comparisons made
as well as the relatively small sample size of
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Figure 1. Scatter plot and smoothed line (Lowess) of blood lead levels (log-e) and tibia lead. Blood and
bone lead levels are adjusted by sex, past and current use of lead-glazed ceramics, and place of resi-
dence. Lowess smoother, bandwidth = 0.8.
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Figure 2. Frequency distribution of bone lead levels observed in teenagers in Mexico City, Mexico, and in
Randolph, Massachusetts (n = 500, age range: 114-18.9years).
this study raises the risk of Type I and II
errors, making these kinds of inferences
quite tentative until they can be confirmed
in future studies. Another limitation ofour
study was its cross-sectional nature, which
does not allow one to deduce either how
bone and blood lead levels may have varied
at earlier phases in the lives ofthese adoles-
cents or the directionality of the associa-
tions found.
Adolescents who smoked had signifi-
cantly higher blood lead levels than non-
smokers, but their bone lead levels were
not statistically different. It is likely that
adolescents had been smoking for a rela-
tively short time, enough to alter blood
lead levels, but not long enough for this
lead to accumulate in bone. However,
tobacco exposure through maternal smok-
ing was observed as an important predictor
of bone lead in adolescents. This is plausi-
ble because cigarettes, cigars, and pipes
from Mexico and the United States are
known to contain lead concentrations
ranging from 0.55 to 25.5 mglkg (1). Lead
in tobacco is most likely derived from con-
tamination with lead arsenate pesticides
(16). Although an association of smoking
with elevated blood lead levels has not
always been observed (17), our data are
consistent with those reported in a study of
middle-aged to elderly men by Hu et al.
(18), who noted a significant association
between pack-years ofsmoking and KXRF-
measured bone lead. Because 60% of ado-
lescents in this study reported at least one
smoking parent, tobacco may be a very
prevalent source of lead accumulation in
children. Unlike other environmental
sources of lead, the control of which
requires governmental regulation, tobacco
exposure in the home can be more easily
controlled on an individual basis. Thus,
from a public health perspective, it is
important to provide parents and adoles-
cents with information about this addition-
al detrimental health effect ofsmoking.
We observed a marginal inverse associa-
tion between calcium intake and blood
lead levels. However, we did not find a sig-
nificant influence of dietary calcium on
bone lead levels. This is in contrast to the
inverse association reported between calci-
um intake and blood lead levels among
children 1-11 years ofage, who participat-
ed in the Second National Health and
Nutrition Examination Survey (NHANES
II) (19) and the protective effect we found
in our study of bone and blood lead levels
among lactating women (9). It is not possi-
ble to determine ifthis was due to the lack
of a biological effect, the small sample size
studied, or the difficulty in measuring ado-
lescent dietary nutrients using a semiquan-
titative food frequency questionnaire.
The significant association ofbone lead
with blood lead levels, even after adjusting
for environmental variables, supports the
hypothesis that endogenous lead in bone
constitutes an important source ofcirculat-
ing lead in adolescents. As stated earlier,
the cross-sectional nature ofthis study lim-
its our ability to draw inferences on the
directionality of the relationship between
tibia and blood lead. We are not aware of
any other investigations that have studied
the relation between blood and bone lead
levels in adolescents. Nevertheless, our
results are similar to those described in
other age groups.
Recently, in a study ofblood lead levels
during lactation among women living in
Mexico City (9), we observed a significant
relation between bone lead and blood lead
after controlling for environmental sources
of lead exposure. Similarly, Hu et al. (18)
observed a significant influence ofbone lead
on blood lead after controlling for environ-
mental lead among middle-aged to elderly
men in the United States. The observed
tibia lead levels in our study were lower than
those observed for women of reproductive
age in Mexico City (mean = 12.5 pg/g; SD
= 11.6) (9) and for middle-aged to elderly
men living in greater Boston, Massachusetts
(geometric mean = 20.8 pg/g) (16). Our
observations suggest that even at lower levels
of accumulation and in adolescents, bone
lead may serve as a significant contributor to
circulating lead. It is possible that this effect
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is enhanced by the rapid bone turnover that
accompanies adolescent growth.
A comparison ofour results with blood
lead levels found in other studies in Mexico
City is consistent with a temporal decline
in environmental lead exposure among
Mexican youngsters. Unleaded gasoline
was introduced in Mexico beginning in
1990, and by 1997 all automobiles in
Mexico City were required to use unleaded
gasoline. In 1990, the mean blood lead
level was 15.2 pg/dl in 1,553 children aged
5-16 years, and in 1992 the mean blood
lead level of another sample of children
1-5 years old was 12.7 pg/dl, with more
than 80% of the sample still exceeding 10
pg/dl (20). We observed a mean blood lead
level of 7.4 pg/dl in the adolescents stud-
ied. Despite this progressive decline in
blood lead levels, the influence on bone
lead levels of traffic density in relation to
each subject's home and time spent out-
doors clearly demonstrates the impact of
previous air lead exposures on cumulative
lead burden.
A comparison ofour results with bone
lead levels found in a recent study conduct-
ed in the Boston area among 500 students
aged 13.4 to 18.9 years did not reveal large
differences in mean levels oftibia bone lead
(Fig. 2). In a study of23 adolescents 18-21
years old (21), 66 young adults with a
mean age of 20.5 years (22), and 169 stu-
dents 13.5-19 years old (23), mean tibia
lead levels were 3.0, 1.3, and 4.0 1ig Pb/g,
respectively. On the other hand, our study
included some individuals with very high
bone lead levels. Twenty six (26%) of the
subjects in this study had bone lead levels
>10 pg/g, whereas the percentages of sub-
jects that had bone lead levels >10 pg/g of
the previously mentioned studies were 0%,
3%, and 8%, respectively. Moreover, sig-
nificant correlations were found between
environmental factors and bone lead in our
study, but not in the Boston studies,
despite the use of similar techniques. The
relatively small differences in mean bone
lead levels may be due to general washout
of lead in the skeleton during the rapid
growth ofthe teenage years, a phenomenon
predicted by kinetic modeling (24).
In conclusion, a number of environ-
mental factors were found to be related to
bone and blood lead levels in this group of
Mexican adolescents, reflecting current and
past sources oflead exposure. Although the
lead levels themselves were not exceedingly
high and within an order of magnitude to
those observed in the United States, recent
epidemiological studies indicate lead neuro-
toxicity at even low levels and should spur
continued efforts at reducing exposure as
much as possible. In addition to regulatory
efforts to reduce environmental sources of
exposure, there are various personal behav-
iors that can be changed, such as the use of
lead-glazed ceramics and smoking. Finally,
this study and others suggest that lead accu-
mulated in bone from historical exposures
may serve as an important endogenous
source of circulating lead. Further research
is needed to see ifbone lead is a biological
marker ofdose that independently predicts
toxicity. Measures may be needed to miti-
gate the effects of lead stored in bone as a
secondaryprevention strategy.
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